Abstract: Obesity and cardiovascular disease (CVD) risk are public health concerns in adolescents, yet few studies have examined the association of their diet to CVD risk factors. This study investigated associations between diet, body mass index (BMI), waist circumference (WC), blood pressure (BP), and blood lipids in 163 16-17 year olds. Diet recall data were converted into Healthy Eating Index-2010 (HEI) to assess diet quality. Differences in diet between groups with normal or obese BMI, normal or hypertensive BP, and normal or altered lipids were determined. Associations between diet and BMI, WC, BP, and lipids, controlling for race, gender, and socioeconomic status, were examined. Mean HEI was 49.2 (±12.0), with no differences observed between groups. HEI was not associated with any CVD risk. Sweetened beverage consumption was higher in obese adolescents, and positively related to total cholesterol (TC). Fruit intake was negatively related to BMI and diastolic BP. Total vegetable intake was negatively related to systolic BP. Greens and beans were negatively related to TC and LDL. Whole grains were negatively related to HDL. This research suggests a cardioprotective effect of diets rich in fruits and vegetables, as well as low in sweetened beverages in adolescents.
Introduction
Although obesity rates in the United States appear to have plateaued among children and adolescents, diet quality continues to be poor. Depending on the source, 20.6% of U.S. adolescents, aged 12-19 years, are considered obese (>95th percentile for body mass index, BMI) and 33.6% are considered overweight (>85th percentile) [1, 2] . Diet quality measurements consistently reveal well below optimal scores [3] [4] [5] [6] in adolescents and longitudinal research indicates dietary patterns established in adolescence may persist into adulthood [7] .
Abdominal obesity confers significant risk for metabolic dysfunction and cardiovascularrisk [8] [9] [10] [11] , regardless of body weight. Most studies use waist circumference (WC), as theindicator [12] of abdominal obesity, with the most common definition being greater than or equal to the 90th percentile were excluded from the sample. It is a convenience sample, approximately 70% Caucasian, and the remainder predominantly African-American. Attrition from 1997 to time of data collection did not significantly alter the sample population in terms of gender, race, or socioeconomic status (SES).
In terms of SES, the sample is highly diverse. The Hollingshead social status score [48] , a tool to estimate SES based on the parent's education level and current employment, range among the sample from 9 to 66.
As part of this longitudinal research study, when participants reached adolescence, they were asked to return to the laboratory for health-related measurements (weight, height, waist circumference, biomarkers) and provide dietary recalls [49] . This study examined a subsample of 163 individuals who were 16-17 years old and completed the data collection procedures.
Human Subjects Protections
This study was approved by the Institutional Review Board of the University of North Carolina at Greensboro (IRB Approval 09-0427 (PI; Calkins) and 11-360 (PI; Wideman)). All parents/guardians of the minor participants provided consent and all adolescent participants provided assent.
Anthropometrics
A research assistant of the same gender as the participant measured the participant's height, weight, and waist circumference. Height was measured with a Seca 222 stadiometer to the nearest 0.5 cm, with shoes off. Weight was measured via Seca 770 electronic scale to the nearest 0.01 kg. Waist circumference was measured with a Gulick tape measure directly against the skin, at the natural waist, the narrowest point of the abdomen between the lower rib cage and iliac crest.
Neither pubertal development nor Tanner scale was assessed for the participants.
Blood Pressure
Blood pressure was measured according to the National Heart, Lung, and Blood Institute standards [50] . The participant was seated upright in a comfortable chair, and blood pressure was measured using a sphygmomanometer and stethoscope. The participant rested 5 min in the chair prior to first measurement, and 5 min after the first measurement, prior to measuring a second time at the same site. The average of the measurements was used for analysis.
Blood Lipids
A trained research technician drew blood into SST Vacutainer ® type tubes (Becton, Dickinson, and Company, Franklin Lakes, NJ, USA). These tubes were gently inverted approximately ten times, then placed upright at room temperature for 20 min to allow for clotting. Tubes were centrifuged for 20 min at 3000 rpm at 4 • C. Serum was pipetted into microtubes in 500-microliter aliquots and stored at −80 • C until ready to be analyzed. Colorimetric assays were used to measure, total, HDL, and LDL cholesterol, and triglycerides using microtiter plate procedures outlined by the company (Wako Chemical, Richmond, VA, United States).
Diet Recalls
Prior to exiting the lab, a research assistant instructed the adolescent on the process of the diet recalls, and gave them a booklet of guides for portion sizes, which was to be utilized during the diet recall interview. Lastly, the research assistant ascertained the best contact telephone number and best times to contact the adolescent participant for the diet recalls.
Participants were called by trained and certified staff of the UNC-CH Nutrition Obesity Research Center to collect diet recalls on two weekdays and a weekend day using the multiple pass method. The multiple pass method includes several prompts, reviews, and follow on questions about food intake to improve recollection by the participant. The diet recalls collected were analyzed using the University of Minnesota's Nutrition Data System for Research (NDSR) and standardized procedures outlined by the Nutrition Obesity Research Center's program coordinator for quality assurance. Participants were given monetary incentives, with increasing amounts paid after each recall completed.
Diet Quality
Diet quality was assessed with the HEI-2010, a multi-component scoring tool to assess an individual's diet quality. The HEI-2010 score measures diet quality based on the primary emphases of the 2010 Dietary Guidelines for Americans [46] .
The HEI-2010 contains twelve-components, for a maximum score of 100 points. Each component can receive a score ranging from 0 for a minimum up to 20 points maximum (depending on assigned maximum point total). Scores between the minimum and maximum values are prorated based on intake. Scores above 80 are considered representative of a "good diet", while scores of 50 or below are considered "poor", and those between 50 and 80 are considered "needing improvement" [51] .
Dietary data from NDSR was used to calculate the HEI-2010 score, based on average intake of foods and nutrients across all days' dietary information obtained [52] . Generally, each average intake of a food group was converted to cup or ounce equivalents, as appropriate, then divided by average energy intake and multiplied by 1000 to standardize to an intake per 1000 kcals. An additional food group, sweetened beverages, was added to these data for additional analysis as other researchers have found it to be related to CVD risk factors. Sweetened beverages included beverages with added sugar such as soda, lemonade, Kool-Aid, sweet tea, sports drinks, and sweetened coffee drinks, but excluded fruit juice and flavored milk.
Socioeconomic Status
The Hollingshead Four Factor Index of Socioeconomic Status [48] , a survey tool to estimate socio-economic status (SES) based on the parents' education levels and current employment, was used to determine SES of the participants. The parental education level is scored on a scale of 1-7 (from <7th grade education to graduate degree earned), while parental occupation is rated on a scale of 1-9 (unskilled labor to major professional). The education score is multiplied by 3, the occupation score by 5, and the sum of the two multiples represents the total score, on a scale of 8-66.
Statistics
SPSS Statistics (Ver. 23; IBM, New York, United States) was used to perform all statistical analyses. Participant data was grouped based on categorical cutoffs identified for CVD risk, and classified as obese (BMI ≥ 95th percentile for age) vs. non-obese; elevated BP (BP ≥ 90th percentile for age) vs. normal BP; abnormal blood lipids (TC ≥ 200 mg/dL or LDL ≥ 130 mg/dL or TG ≥ 150 mg/dL or high density lipoprotein (HDL) ≤ 35 mg/dL) vs. normal blood lipids.
Descriptive statistics were computed for this sample. ANOVA was run comparing the means of HEI-2010 score and each HEI component score between obese and non-obese, hypertensive and normotensive participants, and dyslipidemic participants and those with normal blood lipids. Differences for all ANOVAs were considered significant at p < 0.05. Data was tested for normality, noting mild skew in all components, with no platykurtosis. As such, distributions were considered appropriate for ANOVA analyses, particularly considering prior research identifying minimal impact to false discovery rate with ANOVA in cases of moderate deviations from normality [53] [54] [55] .
Stepwise linear regression analysis of HEI-2010 scores and food groups were run with all CVD risk variables: BMI, WC, SBP, diastolic BP (DBP), TC, TG, LDL, and HDL as outcome variables. Race, gender, and SES were covariates in the regression analyses. Correlations were considered significant at the p < 0.05 level.
Results
A total of 163 adolescents completed dietary recalls (three-day recalls (n = 149), two-day recalls (n = 6) and one-day recall (n = 8)). There were no significant differences in the average HEI scores nor any other dietary variables analyzed between the groups reporting one-, two or three-day averages.
Anthropometric and blood pressure data were available for 143 individuals and an additional 19 self-reported height and weight data. Correlations between self-reported weight and height and weight and height measured in the lab were strong (r = 0.961, p < 0.001). Therefore, self-reported weight and height were used for those 19 participants who could not come to the lab for measurements. A total of 97 participants provided blood samples. Table 1 highlights sample characteristics by BMI, HTN, and lipid status. Race was grouped as white and nonwhite (82% African American, 14% mixed race, 4% other race). Four individuals were considered underweight by BMI for age. A significantly higher proportion of nonwhite participants were obese by BMI cutoffs than white participants. Mean SES for the sample was 45.4 ± 13.1 (range of 9-66) with significant differences observed in SES between obese and non-obese participants. Racial differences in SES were also identified: non-white participants had significantly lower (40.5 ± 13.8) SES than white participants (47.6 ± 12.3, p < 0.01).
No significant differences were observed in rates of hypertension between genders, races, or by SES. Hypertensive participants had significantly higher BMI, WC, SBP, DBP, and TG compared to non-hypertensive participants. SBP and DBP were both significantly higher in the obese group compared to the non-obese group. The only significant difference observed in blood lipids by obesity status revealed a lower TC among those obese by BMI compared to non-obese. No significant differences were observed in rates of dyslipidemia by gender, race, or SES. Dyslipidemic participants had significantly higher LDL and TC than those with normal lipids, but no differences in HDL or TG. Additionally, no difference was observed in BMI between participants with dyslipidemia or not. Further analysis of classification for CVD risk, based on the TC: HDL ratio, identified 29.1% of adolescents in the above average risk for CVD (≥4.5 for females, ≥5.0 for males).
There were no gender differences in diet quality; however, there were racial differences. White participants had a higher HEI-2010 score compared to non-white participants (50.8 ± 12.6 vs. 46.0 ± 10.1, p < 0.01). Multiple component scores were different across race as well, with whole fruit (1.8 ± 1.9 vs. 0.9 ± 1.4), greens and beans (1.8 ± 2.1 vs. 1.2 ± 1.8), whole grains (4.0 ± 3.0 vs. 2.9 ± 2.9, at p < 0.01), dairy (6.9 ± 3.1 vs. 5.6 ± 2.8), and seafood and plant protein (1.9 ± 2.1 vs. 1.3 ± 1.8) scores all significantly higher in white participants compared to nonwhite participants.
Addressing our first objective, no significant differences in HEI-2010 total scores or component scores were observed between obese and non-obese groups (Table 2) . However, sweetened beverage intake was significantly different, with more sweetened beverages consumed by the obese group, compared to the non-obese group (2.3 (±2.9) c/day vs. 1.4 (±1.5) c/day, respectively).
Continuing to examine our first objective, Table 3 reports the HEI scores among the total sample, hypertensive participants, and non-hypertensive participants. The only food component that was different between groups was the total protein group, with higher consumption in the hypertensive group compared to the non-hypertensive group. Moreover, no significant differences were observed in total HEI scores or rate of participants meeting recommendations for total HEI score among hypertensive and non-hypertensive participants.
Addressing the final aspect of our first objective, Table 4 shows differences observed in HEI scores among the total sample, dyslipidemic participants, and participants with normal blood lipids. No differences were observed in HEI component scores between dyslipidemic participants and those with normal blood lipids. However, among dyslipidemic participants, the rate of meeting the recommendation for greens and beans intake was significantly lower than those with normal blood lipids (13% vs. 33%). An ANOVA comparing food group consumption across participants with elevated LDL found greater sweetened beverage consumption in the elevated LDL group (2.5 ± 3.0 c/day) than in the normal LDL group (1.6 ± 1.3 c/day). However, fewer sweetened beverages (1.0 ± 1.0 c/day) and added sugars (57.2 ± 33.2 g/day) were consumed by participants with elevated TG than by participants with normal TG (2.0 ± 2.1 c/day; 79.7 ± 50.5 g/day).
Examining our second objective, in stepwise linear regression analysis controlling for race, gender, and SES, diet quality (HEI) was not significantly related to any of the CVD risk factors. Table 5 shows the results of stepwise linear regression analysis of the components of HEI with BMI, WC, BP, and blood lipids. Examination of the components of HEI indicated that total fruit intake, was the only significant dietary predictor of BMI ( 
Discussion
Among this diverse sample of 16-17-year-old adolescents, diet quality was similar regardless of obesity status (obese vs. non-obese), presence of hypertension (hypertensive vs. non-hypertensive), or presence of lipid abnormalities (dyslipidemic and normal blood lipids). Furthermore, diet quality was not predictive of any BMI, WC, BP, or blood lipids in this sample. However, it is important to note that the average diet quality score (as measured by HEI-2010) was 49.2, significantly below what would be considered a "good" diet score of 80 or higher (HEI ≥ 80).
Significant associations between individual dietary components and CVD risks were identified by stepwise linear regression while controlling for race, gender, and SES. Total vegetable intake was associated with lower SBP. Greater consumption of greens and beans was associated with lower TC and LDL levels. Meeting the recommended intake of greens and beans was more common in participants with normal blood lipids compared to those with dyslipidemia. Higher fruit consumption was related to lower BMI, while greater protein intake was associated with lower WC. Additionally, whole fruit and total protein food intake were both related to lower DBP. Protein intake was higher, however, in participants with hypertension compared to those without. More sweetened beverages were consumed by obese than by non-obese adolescents, and by adolescents with elevated LDL compared to those with normal LDL. However, fewer sweetened beverages and fewer added sugars were consumed by participants with elevated TG compared to normal TG. These significant components suggest a diet pattern higher in fruits and vegetables and lower in sweetened beverages is associated with a more favorable risk for obesity and CVD.
As noted above, the mean diet quality score of 49.2 was well below a score representative of a "good" diet, but it is very similar to values presented in other US research in this age group [3] [4] [5] . Previously reported mean HEI-2010 scores in this age group ranged from 43.59 in 14-18-year-old individuals to 49.8 in a group of 2-17 year olds [3] [4] [5] . The lack of differences in diet quality by BMI is consistent with previous work by Landy et al. [56] and Hurley et al. [57] .
Moreover, this sample had similarly poor mean scores for multiple components of the HEI-2010 compared to previous research. In particular, the lowest mean scores for this sample were in the total fruit, whole fruit, greens and beans, whole grains, seafood and plant proteins, sodium, and refined grains components. Previous research indicates better average scores in total and whole fruit components, and lower scores in the total vegetable component than observed in this sample. Consistent with our findings, multiple studies demonstrate very low mean component scores in greens and beans, whole grains, seafood and plant proteins, sodium, and refined grains components among adolescents [4, 58, 59] .
Findings from this research indicating greater intake of sweetened beverages among obese adolescents and negative relationship between fruit intake and BMI align with previous research [27] [28] [29] [30] [31] [32] 41] . While inverse relation between protein and WC is identified in some available research, the effect of protein consumption on WC is not well established [25, 60] .
Surprisingly, associations between adiposity and several other dietary components found in prior studies were not found in this work. In particular, several studies have reported inverse relations between BMI and/or WC with intake of vegetables and whole grains [61] [62] [63] , which were not identified here. Notably, the most commonly consumed vegetable in this cohort was potato (in various forms), which may explain the lack of association between vegetables and BMI or WC. The impact of whole grain consumption on BMI or WC in this sample was likely limited by the low absolute quantity of whole grain consumed.
This study highlights differences in obesity status and diet quality across racial groups and SES. Particularly, non-white participants had markedly greater obesity rates than whites, and worse whole diet quality, specifically in terms of consuming less whole grain and dairy. In our sample, overweight and obese participants also had lower SES. These results align with previous studies, connecting lower SES [58, [64] [65] [66] as well as African American (or nonwhite in the case of this sample) race [67] [68] [69] [70] [71] to poorer health outcomes, especially excess adiposity.
Rates of both hypertension and dyslipidemia in this sample were higher than those seen in other adolescent research. Compared to other US adolescent studies showing rates of HTN in the 2.5-4.5% [15] [16] [17] [18] [19] , the rate in this sample was more than double at 10.6%. This may be a reflection of the region of the US in which participants were sampled. Previous work in adults has identified higher SBP and DBP, and greater incidence of HTN in the southeastern US, also known as the "stroke belt" [72, 73] . Additionally, this sample had a much higher rate of participants with at least one abnormal blood lipid value at 72.2%, compared to the 20.3% rate found in a 2010 CDC report and the 42.9% rate among obese adolescents found in the same report [14] . More specifically, 51.5% of this sample had elevated TC. This strikingly high rate of elevated TC may be misleading in this sample, however, as mean HDL was over 60 mg/dL, creating a scenario in which many dyslipidemic participants do not have excessively high non-HDL cholesterol. In particular, at age 16, continuing growth, certain medication use (particularly birth control), and lack of exposure to substances such as cigarette smoke and androgens may favor higher HDL concentrations [74, 75] . Upon further analysis, 70.1% of the sample had TC: HDL ratios predictive of below average heart disease risk (among adults), at <4.5 for females and <5.0 for males [76] . These factors suggest CVD risk related to blood lipids within this sample may be more similar to the national average, noted to be 20% in children aged 8-17 years [77] , as measured by TC:HDL ratio. These discrepancies also reflect the substantive limitation of any single blood lipid marker in interpreting CVD risk in adolescents compared to the entirety of the blood lipid profile, especially in the absence of information about other confounding variables. In addition, prior research has noted that HDL subpopulations, which were not measured in this study, are better indicators of CVD risk than total HDL [78] [79] [80] .
Many of the relationships between diet and CVD risk factors (including BP and lipids) identified in this study reflect those found in previous research in adolescents [42, 44, 81, 82] . For instance, a variety of aspects of the DASH (Dietary Approaches to Stop Hypertension) diet were associated with lower SBP and DBP in this study: greater intake of total vegetables is associated with lower SBP, and greater intakes of whole fruit and greens and beans are related to DBP. Similar diet patterns were observed in this study in relation to blood lipids. A pattern of greater intake of greens and beans, whole fruit, and total vegetables, with lower sweetened beverage intake was related to lower TC and LDL.
However, several relations observed in this study conflict with results reported in prior literature. First, among participants with HTN, protein intake was higher in this study, which was not observed in previous research. Second, our work did not identify a link between BP and sodium [45] , which was likely a function of consistently high sodium intake in this sample. Finally, higher sweetened beverage and added sugar consumption was related to lower TG, and higher whole grain intake was related to lower HDL. One possible explanation of these unexpected relations may be participation in athletics, as many athletes rely on and regularly consume sweetened sports drinks and refined carbohydrate foods as snacks before, during, or after practice. Athletes may have lower TG and higher HDL, even if consuming a diet high in refined grains and added sugars.
Despite some conflicts between the findings in this research and previous research, this research has several strengths. This study utilized gold standard methodology for collecting diet information, BP, and blood lipids, in a sample of socioeconomically diverse adolescents. Additionally, this study examined variables not commonly explored in this population, particularly BP, blood lipids, whole diet quality, and the associations between them. However, this research is limited in its observational design and relatively small sample size reflecting almost exclusively white and African American participants. As such, the results may not be generalizable to the whole US adolescent population. Additionally, this research is limited by a lack of full metabolic profile (such as blood glucose and c-reactive protein), body fat measurements, or physical activity data. This research adds to a limited body of evidence connecting diet to both dyslipidemia and HTN at a young age. Notably, the protective effects of many aspects of diet, particularly whole plant foods, are more consistently connected to BP and blood lipids than the negative impacts of other aspects of diet [42, 44, 81, 82] . However, this research reflects the potential positive impact of greater intake of whole plant foods, particularly vegetables, fruits, and legumes on CVD risk reduction at a young age, as well as the negative impact of sweetened beverages and refined carbohydrates on CVD risk. This research also adds to a growing body of evidence indicating that young Americans are relying on diets high in calories, sodium, and sugar dense foods, with poor intakes of nutrient dense items, especially whole grains, fruits, vegetables, and legumes, thus resulting in poor overall diet quality. Considering dietary habits adopted in adolescence have been linked to dietary habits in adulthood [7] , long term poor diet quality originating in youth could result in an increase in the prevalence of obesity as well as several chronic health conditions, such as hypertension, cardiovascular disease, and type 2 diabetes mellitus.
